Objectives To compare oral health, salivary fl ow rate, xerostomia and thirst in end stage renal disease (ESRD) patients remaining on dialysis treatment and after renal transplantation. Design Longitudinal observation. Setting ESRD patients recruited from dialysis centres in Amsterdam, The Hague and Utrecht, The Netherlands. Method At baseline and after two years, salivary fl ow rates, xerostomia and thirst were determined in 43 ESRD patients. The number of decayed missing fi lled teeth/surfaces (DMFT/DMFS) was recorded, and periodontal status assessed. Results After renal transplantation (n = 20), the salivary fl ow rate increased signifi cantly from UWS = 0.30 ± 0.21 ml/min to 0.44 ± 0.29 ml/min (p <0.001) and the level of xerostomia and thirst decreased. After two years, the percentage of bleeding on probing in dialysis patients (n = 23) decreased from 29.5 ± 25.4% to 10.3 ± 12.3%, (p <0.05). No differences in DMFT and DMFS were observed between dialysis and renal transplant patients. Conclusions DMFT, dental plaque, gingival bleeding and periodontal indices did not change remarkably after two years, comparing dialysis and renal transplant patients. Renal transplantation enhances salivary fl ow and decreases symptoms of xerostomia and thirst, and hence enhances the potential to improve the quality of life of affected individuals.
INTRODUCTION
Over the last decades, the prevalence and incidence of patients with end stage renal disease (ESRD) has increased. 1 Due to improvements in medical care and prolonged life expectancy, patients with renal disorders are increasingly encountered in the dental practice. 2 A broad variety of oral manifestations have been reported in ESRD patients including gingivitis, xerostomia, ammonia-like smell, mucosal pallor and lesions, tooth mobility, malocclusion and an increased risk of dental erosion due to frequent regurgitation. [3] [4] [5] [6] [7] Systemic and salivary changes due to chronic renal failure, the use of multiple medication, vomiting and reduced oral self care could all potentially affect oral health in these patients. 8, 9 The kidneys are essential to remove metabolic waste products, electrolytes and water. When the function of the kidneys is impaired towards 5-10% of the original capacity, ESRD occurs, requiring either haemodialysis (HD) or peritoneal dialysis treatment (PD) or renal transplantation (TX). In HD, an extra-corporal device is used, whereas in PD the peritoneal membrane acts as a fi lter. TX patients receive their allograft from living or cadaveric donors. To prevent allograft rejection, immunosuppressant therapy is required including the use of prednisolone, ciclosporin or tacrolimus, which could also affect the oral health. 4 Relatively little is known about the long-term effects of dialysis treatment on oral health. In addition, most studies on oral health and salivary fl ow rate in transplantation patients have had a cross-sectional set-up, comparing different renal replacement therapies with healthy controls. 7, 10, 11 Therefore, the aim of this study was to longitudinally compare oral health, salivary fl ow rate, xerostomia and thirst in dialysis patients with those ESRD patients who were transplanted during this period.
• Provides the fi rst longitudinal study on oral health in ESRD patients.
• Increases our knowledge concerning the importance of maintained oral health investigations in patients awaiting a renal transplant.
• Salivary fl ow rates are only temporary suppressed and increase after renal transplantation.
• After renal transplantation xerostomia and thirst return to normal, suggesting an important contribution to quality of life.
I N B R I E F

MATERIALS AND METHODS Participants
ESRD patients undergoing renal replacement therapy for at least three months were asked to participate in a longitudinal study to assess thirst, oral dryness and oral health. One hundred and twenty-six dialysis patients (HD, n = 95; (C)APD, n = 31) gave informed consent to participate in this study. Excluded were 29 patients (23%) because they were edentulous, in addition thirteen participants (10%) were physically not able to participate in the clinical dental investigation. This resulted in 84 patients that were enrolled in this study, which was approved by the Medical Ethical Committee of the Vrije Universiteit Medical Center, Amsterdam, The Netherlands. However, 26 patients died during the two-year study period and 15 subjects were lost to follow up or withdrew. After two years, the data of in total 43 dentate ESRD patients were available for analysis.
Saliva, xerostomia and thirst
Unstimulated whole saliva (UWS) was collected according to the spitting method 12 with small modifi cations, as described previously. 13, 14 All subjects were instructed to refrain from smoking, eating, drinking and tooth brushing for one hour prior to the three saliva collection periods. Before collection, the mouth was rinsed with tap water. The collection started with the instruction to void the mouth of saliva by swallowing. Subsequently, saliva was allowed to accumulate on the fl oor of the mouth and the subjects were instructed to spit out into the pre-weighed test tubes every 30 seconds. Each saliva collection period was fi ve minutes long.
Chewing stimulated whole saliva (SWS) was also collected for fi ve minutes using a fl at piece of parafi lm (5 x 5 cm; 0.30 g; Parafi lm "M", American National CAL, Chicago, USA). During the saliva collection period, the subjects chewed at their own natural pace and stimulated saliva was collected in the same way as the unstimulated samples. The volume of saliva was determined gravimetrically (assuming 1 g = 1 ml) and the pH was determined within fi ve minutes after saliva collection (Sentron pH-system 1001, Roden, The Netherlands).
A validated xerostomia inventory (XI) was used to quantify the level of xerostomia and consisted of 11 items, each with a fi ve point Likert-type scale (never = 1 to very often = 5). Examples of the XI are eg 'My mouth feels dry', 'My lips feel dry' and 'I sip liquids to aid in swallowing food'. The summed scores provide an individual XI score ranging from 11 (no dry mouth) to 55 (extremely dry mouth).
14,15
The short-version of the dialysis thirst inventory (DTI) was used to assess the level of thirst. The DTI questionnaire has four items, each with a fi ve point Likert-type scale (never = 1 to very often = 5) providing a DTI score from 4 (no thirst) to 20 (extremely thirsty). The DTI questions are: 'Thirst is a problem for me', 'I am thirsty during the day', 'I am thirsty during the night', and 'My social life is infl uenced because of my thirst feelings'. 16 
Oral health assessment
The oral health of the dialysis patients was measured independently by two dentists at a dental offi ce nearby one of the dialysis centres, as described previously. 17 The teeth were dried with air and inspected with a standard dental mirror and oral health was determined with several generally accepted oral health indices, such as the decayed, missing, fi lled teeth index (DMFT), the decayed, missing, fi lled surfaces index (DMFS) and the simplifi ed oral hygiene index (SOHI). [18] [19] [20] In addition, the periodontal status (bleeding on probing and pocket depth) was assessed using a split mouth model.
Statistical methods
All data are presented as means ± SD. UWS and SWS fl ow rates showed a skewed distribution and were logarithmically transformed (log 10 ) before statistical analyses. For readability, the original (untransformed) data are presented in Table 1 . The patients who remained on dialysis treatment (DIAL-2yr) were compared with those who had received a kidney transplant (TX-2yr). Values of dialysis patients at baseline (DIAL-base) and after two years (DIAL-2yr), and those who were transplanted (TX-2yr) were compared with Student's t-tests. To explore the effects of each treatment modality (DIAL-2yr and TX-2yr) on the main outcome variables, a general linear model of ANOVA (repeated measures design, followed by paired ttests as a post-hoc procedure) was performed. The statistical analysis was performed using the statistical software package SPSS (version 10.0; SPSS Inc., Chicago, IL. USA). Levels of signifi cance were set at p <0.05 and p <0.001).
RESULTS
Participants
In total 43 chronic dialysis patients participated in this study, 30 men (mean age 54.0 ± 15.7 years) and 13 women (mean age 48.9 ± 17.2 years). At baseline, the mean time on dialysis was 33.0 ± 28.6 months. The main pathologies causing ESRD, classifi ed according to the European Dialysis and Transplantation Association-European Renal Association, 21 were polycystic kidney disease -adult type -(14.0%), IgA nephropathy Comparison of baseline and after two years is indicated as a = p <0.001, b = p <0.050; signifi cant differences between those remaining on dialysis and those who received a transplant in the vertical column is indicated as x = p <0.001, y = p <0.050
(11.6%), glomerulonephritis (7.0%), miscellaneous (27.9%) and unknown (39.5%). After the two-year study period, 20 patients were transplanted on average 13.5 ± 7.1 months before the second measurement took place. Two TX patients developed gingival overgrowth within renal transplantation. In total 23 patients maintained on dialysis treatment, awaiting a renal transplant.
Saliva, xerostomia and thirst
The salivary fl ow rate of patients after renal transplantation (TX-2yr) increased signifi cantly from UWS = 0.30 ± 0.21 ml/ min at baseline to UWS = 0.44 ± 0.29 ml/min after renal transplantation (p = 0.002, Table 1 ). In the same patients, the salivary pH of UWS decreased from pH = 7.36 ± 0.49 to 6.74 ± 0.40 (p <0.001). The same pattern was observed for SWS. In patients who remained on dialysis during the study, the salivary fl ow rate of both UWS and CH-SWS was not altered. At baseline, the XI values in those who remained on dialysis were higher (XI = 29.5 ± 7.5) than those who would receive a renal transplant (XI = 24.9 ± 7.5) (p <0.05, Table 1 ). No other baseline differences were observed. In TX patients, the XI-scores decreased from 24.9 ± 8.1 to 21.4 ± 7.6, after two years (p = 0.065). No changes were observed for the XI-scores after two years follow up, in patients who remained on dialysis. Also thirst in TX patients decreased signifi cantly from DTI = 10.6 ± 4.4 to DTI = 8.1 ± 2.6, (p = 0.02). In patients maintaining on dialysis, no changes occurred and the DTI-score did not change (Table 1) .
Oral health
Although the average DMFS and DMFT values slightly increased after two years, no statistically signifi cant differences were observed between TX and dialysis patients ( Table  2 ). In those patients who remained on dialysis, an increase in the number of missing surfaces (MS) was found from MS = 18.5 ± 2.9 to MS = 20.6 ± 25.6, after two years (p = 0.017). Subsequently, the DMFS value of these patients increased signifi cantly (Table 2) .
In both groups, the percentage of teeth without dental plaque remained stable throughout the study ( Comparison between baseline and after two years is indicated as a = p <0.001, b = p <0.050. No signifi cant differences between those remaining on dialysis and those who received a transplant (vertical column) were found at baseline or after two years by 10%, although no statistically signifi cant difference was found. In addition, no differences were found between TX patients and those who remained on dialysis with respect to the pocket depth and bleeding measurements.
DISCUSSION
To our knowledge, this is the fi rst longitudinal study to compare the course and changes in salivary fl ow rate, xerostomia, thirst and oral health of patients who remained on dialysis treatment, with those who received a renal transplant (TX). It was revealed that oral dryness and thirst decreased after renal transplantation. In patients who remained on dialysis, the salivary variables and levels of xerostomia and thirst remained the same throughout the two-year study period. This indicates that thirst and oral dryness is a continuing problem in these patients. In dialysis patients, a signifi cant increase in the number of MS and DMFS, and a reduction of bleeding on probing was found after the two-year observation period. It was found that the salivary fl ow rates (both UWS and SWS) increased in the TX patients, while remaining the same in patients on dialysis. Other studies have shown reduced salivary fl ow rates in HD patients compared to healthy controls. 7, [22] [23] [24] Our observation that the salivary fl ow rates increase after renal transplantation does not support the suggestion that dialysis treatment affects the salivary glands. 25 In the present study, we have shown that the reduced salivary fl ow rates are reversible and restore after transplantation. The salivary fl ow rates in TX patients might even have been underestimated since several studies have indicated that long term use of immunosuppressant therapy such as ciclosporin could suppress the salivary fl ow rate. 26, 27 A decrease in salivary pH after transplantation is probably due to the reduced concentration of urea in saliva which can be hydrolysed by oral bacteria into ammonia (with a relatively high pH). 28 A high salivary pH and buffering capacity in dialysis patients could potentially enhance remineralisation, although we could not demonstrate this effect in the present study. [29] [30] [31] [32] As initially expected, we have found decreased oral dryness and thirst in patients after renal transplantation. After renal transplantation, the physiological function of the kidney should restore electrolyte levels, fl uid balance, thirst, xerostomia and serum composition to normal. Previously, we have demonstrated in haemodialysis patients that salivary fl ow rate and xerostomia are signifi cantly correlated.
14 Therefore an increase in UWS salivary fl ow rate after renal transplantation could explain a decreased level of xerostomia. 33 The number of MS increased in those who remained on dialysis therapy, and no changes occurred in the transplantation group after two years. This might be explained since most patients awaiting a renal transplant have to undergo an oral examination to become foci free, which is part of the preoperative evaluation. 6 Furthermore, the continued xerostomia may have contributed to the increase in dental disease in patients remaining on dialysis. In addition, we have previously found no differences for the DMFS, DMFT and periodontal indices between ESRD patients and a matched (age and educational status) control group. 17 In two patients, markedly increased gingival overgrowth was found after renal transplantation. Many other studies have reported this phenomenon in ESRD patients after renal transplantation. 34, 35 Thomason and colleagues 35 reported gingival overgrowth in 30% of transplanted patients after the use of ciclosporin. As an alternative, tacrolimus can be used which has been shown to be successful as an immunosuppressant with less gingival overgrowth. 36 Although renal transplantation is a permanent solution in approximately half of the patients with ESRD, the long term use of immunosuppressive medication may have serious disadvantages such as an increased risk of opportunistic infections and immunosuppression-related tumours. 37 Although two patients had gingival overgrowth, the average bleeding scores did not increase but slightly decreased in the TX group after renal transplantation. In a study with 32 transplant patients on immunosuppressive therapy, it was found that pocket depths, plaque and gingivitis scores did not change signifi cantly before and after renal transplantation. 38 In our study, the percentage of teeth which showed bleeding on probing decreased in both the dialysis and transplanted patients. A study comparing 36 HD patients with 36 controls revealed no statistically signifi cant difference for the periodontal status between these two groups. 11 The decreased levels of bleeding on probing we have found, illustrate less acute infl ammation of the gingiva. This might be associated with improved oral hygiene procedures, reduced dental plaque scores or the immunosuppressive drugs. 11, 39 The oral hygiene measures, however, remained the same throughout the study period (data not shown). Also the level of dental plaque did not differ between baseline and after two years, which is in accordance with Rahman and colleagues, 10 who found no differences in sulcular bleeding index score or gingival index score between healthy subjects, patients on HD or those after renal transplantation.
In conclusion, oral health aspects such as caries, dental plaque, gingival bleeding and periodontal indices did not change remarkably after a two-year period in ESRD patients remaining on dialysis and those who received a renal transplant. Regular dental examination and instruction in patients awaiting a renal transplantation is of vital importance to ensure optimal oral health, in order to remain foci free to prevent rejection of the allograft after transplantation. Decreased levels of xerostomia and thirst were observed in patients after renal transplantation, which could add to the quality of life of these patients.
